RESULTS: Data from 80 patients were analyzed. From admission to discharge, a significant improvement in IVC maximum (IVC max ) diameter (2.12 vs 1.87 cm; P < 0.001) and IVC collapsibility (25.7% vs 33.1%; P < 0.001) was seen in the total study cohort. During the 90-day follow-up period, 11 patients (13.7%) died. An admission IVC max diameter 1.9 cm was associated with a higher mortality rate at 90 days (25.4% vs 3.4%; P 5 0.009) and 180 days (29.3% vs 3.4%; P 5 .003). In a multivariate Cox proportional hazards regression analysis, admission IVC max diameter was an independent predictor of 90-day mortality (hazard ratio [HR]: 5.88; 95% confidence interval [CI]: 1.21-28.10; P 5 0.025) and 90-day readmission (HR: 3.20; 95% CI: 1.24-8.21; P 5 0.016).
CONCLUSION:
In patients hospitalized with acute decompensated heart failure, a dilated IVC by bedside ultrasound at the time of admission is associated with a higher 90-day mortality after hospitalization. Journal of Hospital Medicine 2016;11:778-784. V C 2016 Society of Hospital Medicine Heart failure costs the United States an excess of $30 billion annually, and costs are projected to increase to nearly $70 billion by 2030. 1 Heart failure accounts for over 1 million hospitalizations and is the leading cause of hospitalization in patients >65 years of age. 2 After hospitalization, approximately 50% of patients are readmitted within 6 months of hospital discharge. 3 Mortality rates from heart failure have improved but remain high. 4 Approximately 50% of patients diagnosed with heart failure die within 5 years, and the overall 1-year mortality rate is 30%. 1 Prognostic markers and scoring systems for acute decompensated heart failure (ADHF) continue to emerge, but few bedside tools are available to clinicians. Age, brain natriuretic peptide, and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels have been shown to correlate with postdischarge rates of readmission and mortality. 5 A study evaluating the prognostic value of a bedside inferior vena cava (IVC) ultrasound exam demonstrated that lack of improvement in IVC distention from admission to discharge was associated with higher 30-day readmission rates. 6 Two studies using data from comprehensive transthoracic echocardiograms in heart failure patients demonstrated that a dilated, noncollapsible IVC is associated with higher risk of mortality; however, it is well recognized that obtaining comprehensive transthoracic echocardiograms in all patients hospitalized with heart failure is neither cost-effective nor practical. 7 In recent years, multiple studies have emerged demonstrating that noncardiologists can perform focused cardiac ultrasound exams with high reproducibility and accuracy to guide management of patients with ADHF. [8] [9] [10] [11] [12] [13] [14] However, it is unknown whether IVC characteristics from a focused cardiac ultrasound exam performed by a noncardiologist can predict mortality of patients hospitalized with ADHF. The aim of this study was to assess whether a hospitalistperformed focused ultrasound exam to measure the IVC diameter at admission and discharge can predict mortality in a general medicine ward population hospitalized with ADHF.
METHODS

Study Design
A prospective, observational study of patients admitted to a general medicine ward with ADHF between January 2012 and March 2013 was performed using convenience sampling. The setting was a 247-bed, university-affiliated hospital in Madrid, Spain. Inclusion criteria were adult patients admitted with a primary diagnosis of ADHF per the European Society of Cardiology (ESC) criteria. 15 Exclusion criteria were admission to the intensive care unit for mechanical ventilation, need for chronic hemodialysis, or a noncardiac terminal illness with a life expectancy of less than 3 months. All patients provided written informed consent prior to enrollment. This study complies with the Declaration of Helsinki and was approved by the local ethics committee.
The primary outcome was all-cause mortality at 90 days after hospitalization. The secondary outcomes were hospital readmission at 90 and 180 days, and mortality at 180 days. Patients were prospectively followed up at 30, 60, 90, and 180 days after discharge by telephone interview or by review of the patient's electronic health record. Patients who died within 90 days of discharge were categorized as "nonsurvivors," whereas those alive at 90 days were categorized as "survivors."
The following data were recorded on admission: age, gender, blood pressure, heart rate, functional class per New York Heart Association (NYHA) classification, comorbidities (hypertension, diabetes mellitus, atrial fibrillation, chronic obstructive pulmonary disease), primary etiology of heart failure, medications, electrocardiogram, NT-terminal pro-BNP, hemoglobin, albumin, creatinine, sodium, measurement of performance of activities of daily living (modified Barthel index), and comorbidity score (age-adjusted Charlson score). A research coordinator interviewed subjects to gather data to calculate a modified Barthel index. 16 Ageadjusted Charlson comorbidity scores were calculated using age and diagnoses per International Classification of Diseases, Ninth Revision coding. 17 
IVC Measurement
An internal medicine hospitalist with expertise in point-of-care ultrasonography (G.G.C.) performed all focused cardiac ultrasound exams to measure the IVC diameter and collapsibility at the time of admission and discharge. This physician was not involved in the inpatient medical management of study subjects. A second physician (N.J.S.) randomly reviewed 10% of the IVC images for quality assurance. Admission IVC measurements were acquired within 24 hours of arrival to the emergency department after the on-call medical team was contacted to admit the patient. Measurement of the IVC maximum (IVC max ) and IVC minimum (IVC min ) diameters was obtained just distal to the hepatic vein-IVC junction, or 2 cm from the IVC-right atrial junction using a long-axis view of the IVC. Measurement of the IVC diameter was consistent with the technique recommended by the American Society of Echocardiography and European Society of Echocardiography guidelines. 18, 19 The IVC collapsibility index (IVCCI) was calculated as (IVC max 2IVC min )/IVC max per guidelines. 18 Focused cardiac ultrasound exams were performed using a General Electric Logiq E device (GE Healthcare, Little Chalfont, United Kingdom) with a 3.5 MHz curvilinear transducer. Inpatient medical management by the primary medical team was guided by protocols from the ESC guidelines on the treatment of ADHF. 15 A comprehensive transthoracic echocardiogram (TTE) was performed on all study subjects by the echocardiography laboratory within 24 hours of hospitalization as part of the study protocol. One of 3 senior cardiologists read all comprehensive TTEs. NT-proBNP was measured on admission and discharge by electrochemiluminescence.
Statistical Analysis
We calculated the required sample size based on published mortality and readmission rates. For our primary outcome of 90-day mortality, we calculated a required sample size of 64 to achieve 80% power based on 90-day and 1-year mortality rates of 21% and 33%, respectively, among Spanish elderly patients (age 70 years) hospitalized with ADHF. 20 For our secondary outcome of 90-day readmissions, we calculated a sample size of 28 based on a 41% readmission rate. 21 Therefore, our target subject enrollment was at least 70 patients to achieve a power of 80%.
Statistical analyses were performed using SPSS 17.0 statistical package (SPSS Inc., Chicago, IL). Subject characteristics that were categorical variables (demographics and comorbidities) were summarized as counts and percentages. Continuous variables, including IVC measurements, were summarized as means with standard deviations. Differences between categorical variables were analyzed using the Fisher exact test. Survival curves with log-rank statistics were used to perform survival analysis. The nonparametric Mann-Whitney U test was used to assess associations between the change in IVCCI, and readmissions and mortality at 90 and 180 days. Predictors of readmission and death were evaluated using a multivariate Cox proportional hazards regression analysis. Given the limited number of primary outcome events, we used age, IVC diameter, and log NT-proBNP in the multivariate regression analysis based on past studies showing prognostic significance of these variables. 6, [22] [23] [24] [25] [26] [27] [28] Optimal cutoff values for IVC diameter for death and readmission prediction were determined by constructing receiver operating characteristic (ROC) curves and calculating the area under the curve (AUC) for different IVC diameters. NT-proBNP values were log-transformed to minimize skewing as reported in previous studies. 29 
RESULTS
Patient Characteristics
Ninety-seven patients admitted with ADHF were recruited for the study. Optimal acoustic windows to measure the IVC diameter were acquired in 90 patients (93%). Because measurement of discharge IVC diameter was required to calculate the change from admission to discharge, 8 patients who died during initial hospitalization were excluded from the final data analysis. An additional two patients were excluded due to missing discharge NT-proBNP measurement or missing comprehensive echocardiogram data. The study cohort from whom data were analyzed included 80 of 97 total patients (82%).
Baseline demographic, clinical, laboratory, and comprehensive echocardiographic characteristics of nonsurvivors and survivors at 90 days are demonstrated in Table 1 . Eleven patients (13.7%) died during the first 90 days postdischarge, and all deaths were due to cardiovascular complications. Nonsurvivors were older (86 vs 76 years; P 5 0.02), less independent in performance of their activities of daily living (Barthel index of 58.1 vs 81.9; P 5 0.01), and were more likely to have advanced heart failure with an NYHA functional class of III or IV (72% vs 33%; P 5 0.016). Atrial fibrillation (90% vs 55%; P 5 0.008) and lower systolic blood pressure (127 mm Hg vs 147 mm Hg; P 5 0.01) were more common in nonsurvivors than survivors, and fewer nonsurvivors were taking a b-blocker (18% vs 59%; P 5 0.01). Baseline comprehensive echocardiographic findings were similar between the survivors and nonsurvivors, except left atrial diameter was larger in nonsurvivors versus survivors (54 mm vs 49 mm; P 5 0.04).
From admission to discharge, the total study cohort demonstrated a highly statistically significant reduction in NT-proBNP (8816 vs 3093; P < 0.001), log NT-proBNP (3.66 vs 3.27; P < 0.001), IVC max (2.12 vs 1.87; P < 0.001), IVC min (1.63 vs 1.33; P < 0.001), and IVCCI (25.7% vs 33.1%; P < 0.001). The admission and discharge NT-proBNP and IVC characteristics of the survivors and nonsurvivors are displayed in Table 2 . The only statistically significant difference between nonsurvivors and survivors was the admission IVC max (2.39 vs 2.06; P 5 0.02). There was not a statistically significant difference in the discharge IVC max between nonsurvivors and survivors.
Outcomes
For the primary outcome of 90-day mortality, the ROC curves showed a similar AUC for the admission IVC max diameter (AUC: 0.69; 95% confidence interval [CI]: 0.53-0.85), log NT-proBNP at discharge (AUC: 0.67; 95% CI: 0.49-0.85), and log NT-proBNP at admission (AUC: 0.69; 95% CI: 0.52-0.85). The optimal cutoff value for the admission IVC max diameter to predict mortality was 1.9 cm (sensitivity 100%, specificity 38%) based on the ROC curves (see Supporting Information, Appendices 1 and 2, in the online version of this article). An admission IVC max diameter 1.9 cm was associated with a higher mortality rate at 90 days (25.4% vs 3.4%; P 5 0.009) and 180 days (29.3% vs 3.4%; P 5 0.003). The Cox survival curves showed significantly lower survival rates in patients with an admission IVCmax diameter 1.9 cm (74.1 vs 96.7%; P 5 0.012) ( Figures 1 and 2) . Based on the multivariate Cox proportional hazards regression analysis with age, IVCmax diameter, and log NT-proBNP at admission, the admission IVC max diameter and age were independent predictors of 90-and 180-day mortality. The hazard ratios for death by age, admission IVC max diameter, and log NT-proBNP are shown in Table 3 .
For the secondary outcome of 90-day readmissions, 19 patients (24%) were readmitted, and the mean index admission IVC max diameter was significantly greater in patients who were readmitted (2.36 vs 1.98 cm; P 5 0.04). The ROC curves for readmission at 90 days showed that an index admission IVC max diameter of 1.9 cm had the greatest AUC (0.61; 95% CI: 0.49-0.74). The optimal cutoff value of an index admission IVC max to predict readmission was also 1.9 cm (sensitivity 94%, specificity 42%) (see Supporting Information, Appendices 1 and 2, in the online version of this article). The Cox survival analysis showed that patients with an index admission IVC max diame-ter 1.9 cm had a higher readmission rate at 90 days (30.8% vs 10.7%; P 5 0.04) and 180 days (38.0 vs 14.3%; P 5 0.02) (Figures 1 and 2) . Using a multivariate Cox proportional regression analysis, the hazard ratios for the variables of age, admission IVC max diameter, and log NT-proBNP are shown in Table 3 .
DISCUSSION
Our study found that a dilated IVC at admission is associated with a poor prognosis after hospitalization for ADHF. Patients with a dilated IVC 1.9 cm at admission had higher mortality and readmission rates at 90 and 180 days postdischarge.
The effect of a dilated IVC on mortality may be mediated through unrecognized right ventricular disease with or without significant pulmonary hypertension, supporting the notion that right heart function is an important determinant of prognosis in patients with ADHF. 30, 31 Similar to elevated jugular venous distension, bedside ultrasound examination of the IVC diameter can serve as a rapid and noninvasive measurement of right atrial pressure. 32 Elevated right atrial pressure is most often due to elevated left ventricular filling pressure transmitted via the pulmonary vasculature, but it is important to note that right-and left-sided cardiac pressures are often discordant in heart failure patients. 33, 34 Few studies have evaluated the prognostic value of IVC diameter and collapsibility in patients with heart failure. Nath et al. 24 evaluated the prognostic value of IVC diameter in stable veterans referred for outpatient echocardiography. Patients with a dilated IVC >2 cm that did not collapse with inspiration had higher 90day and 1-year mortality rates. A subsequent study by Pellicori et al. 22 investigated the relationship between IVC diameter and other prognostic markers in stable cardiac patients. Pellicori et al. demonstrated that IVC diameter and serum NT-proBNP levels were independent predictors of a composite endpoint of cardiovascular death or heart failure hospitalization at 1 year. 22 Most recently, Lee et al. 23 evaluated whether a dilated IVC in patients with a history of advanced systolic heart failure with a reduced ejection fraction of 30% and repeated hospitalizations (2) predicted worsening renal failure and adverse cardiovascular outcomes (death or hospitalization for ADHF). The study concluded that age, IVC diameter >2.1 cm, and worsening renal failure predicted cardiovascular death or hospitalization for ADHF. 23 Our study demonstrated that an admission IVC max 1.9 cm in hospitalized ADHF patients predicted higher postdischarge mortality at 90 and 180 days. Our findings are consistent with the above-mentioned studies with a few important differences. First, all of our patients were hospitalized with acute decompensated heart failure. Nath et al. and Pellicori et al. evaluated stable ambulatory patients seen in an echocardiography lab and cardiology clinic, respectively. Only 12.1% of patients in the Nath study had a history of heart failure, and none were reported to have ADHF. More importantly, our study improves our understanding of patients with heart failure with a preserved ejection fraction, an important gap in the literature. The mean ejection fraction of patients in our study was 52% consistent with heart failure with preserved ejection fraction, whereas patients in the Pellicori et al. and Lee et al. studies had heart failure with reduced (42%) or severely reduced (30%) ejection fraction, respectively. We did not anticipate finding heart failure with preserved ejection fraction in the majority of patients, but our study's findings will add to our understanding of this increasingly common type of heart failure.
Compared to previous studies that utilized a registered diagnostic cardiac sonographer to obtain a comprehensive TTE to prognosticate patients, our study utilized point-of-care ultrasonography. Nath et al. commented that obtaining a comprehensive echocardiogram on every patient with ADHF is unlikely to be cost-effective or feasible. Our study utilized a more realistic approach with a frontline internal medicinetrained hospitalist acquiring and interpreting images of the IVC at the bedside using a basic portable ultrasound machine.
Our study did not show that plasma natriuretic peptides levels are predictive of death or readmission after hospitalization for ADHF as shown in previous studies. 22, 35, 36 The small sample size, relatively low event rate, or predominance of heart failure with preserved ejection fraction may explain this inconsistency with prior studies. Previous studies have reported hospital readmission rates for ADHF of 30% to 44% after 1 to 6 months. 6, 37 Goonewardena et al. showed a 41.3% readmission rate at 30 days in patients with severely reduced left ventricular ejection fraction (mean 29%), and readmitted patients had an IVC max diameter >2 cm and an IVC collapsibility <50% on admission and discharge. 6 Carbone et al. demonstrated absence of improvement in the minimum IVC diameter from admission to discharge using hand-carried ultrasound in patients with ischemic heart disease (ejection fraction 33%) predicted readmission at 60 days. 38 Hospital readmission rates in our study are consistent with these previously published studies. We found readmission rates for patients with ADHF and an admission IVC max 1.9 cm to be 30.8% and 38.0% after 90 and 180 days, respectively.
Important limitations of our study are the small sample size and single institution setting. A larger sample size may have demonstrated that change in IVC diameter and NT-proBNP levels from admission to discharge to be predictive of mortality or readmission. Further, we found an IVC max diameter 1.9 cm to be the optimal cutoff to predict mortality, which is less than an IVC max diameter >2.0 cm reported in other studies. The relatively smaller IVC diameter in Spanish heart failure patients may be explained by the lower body mass index of this population. An IVC max diameter 1.9 cm was found to be the optimal cutoff to predict an elevated right atrial pressure >10 mm Hg in a study of Japanese cardiac patients with a relatively lower body mass index. 39 Another limitation is the timing of the admission IVC measurement within the first 24 hours of arrival to the hospital rather than immediately upon arrival to the emergency department. We were not able to control for interventions given in the emergency department prior to the measurement of the admission IVC, including doses of diuretics. Further, unlike the comprehensive TTEs in the United States, TTEs in Spain do not routinely include an assessment of the IVC. Therefore, we were not able to compare our bedside IVC measurements to those from a comprehensive TTE. An important limitation of our regression analysis is the inclusion of only 3 variables. The selection of variables (age, NT-proBNP, and IVC diameter) was based on prior studies demonstrating their prognostic value. 6, 22, 25 Due to the low event rate (n 5 11), we could not include in the regression model other variables that differed significantly between nonsurvivors and survivors, including NYHA class, presence of atrial fibrillation, and use of b-blockers.
Perhaps in a larger study population the admission IVC max diameter may not be as predictive of 90-day mortality as other variables. The findings of our exploratory analysis should be confirmed in a future study with a larger sample size.
The clinical implications of our study are 3-fold. First, our study demonstrates that IVC images acquired by a hospitalist at the bedside using a portable ultrasound machine can be used to predict postdischarge mortality and readmission of patients with ADHF. Second, the predominant type of heart failure in our study was heart failure with preserved ejection fraction. Currently, approximately 50% of patients hospitalized with ADHF have heart failure with preserved ejection fraction. 40 Our study adds to the understanding of prognosis of these patients whose heart failure pathophysiology is not well understood. Finally, palliative care services are underutilized in patients with advanced heart failure. 41, 42 IVC measurements and other prognostic markers in heart failure may guide discussions about goals of care with patients and families, and facilitate timely referrals for palliative care services.
CONCLUSIONS
Point-of-care ultrasound evaluation of IVC diameter at the time of admission can be used to prognosticate patients hospitalized with acute decompensated heart failure. An admission IVC max diameter 1.9 cm is associated with a higher rate of 90-day and 180-day readmission and mortality after hospitalization. Future studies should evaluate the combination of IVC characteristics with other markers of severity of illness to prognosticate patients with heart failure.
